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I n t r a c a v i t y  Far I n f r a r e d  Laser Magnetic 
Resonance (LMR) spec t roscopy h a s  been shown 
t o  be a s e n s i t i v e  method f o r  o b t a i n i n g  h igh  
r e s o l u t i o n  s p e c t r a  o f  f r e e  r a d i c a l s  and 
me tas t ab le  atoms and molecules.  Using t h i s  
t echn ique  d i r e c t  measurements o f  t h e  f i n e  
s t r u c t u r e  t r a n s i t i o n s  i n  a tomic  oxygen', 
carbon2,  and si 1 icon3 produced in  elec tr i c  
d i s c h a r g e s  or  flames have r e c e n t l y  y i e lded  
a c c u r a t e  f i n e  s t r u c t u r e  s p l i t t i n g s  and 
g - f a c t o r s  f o r  t h e  atomic l e v e l s  involved. 
We r e p o r t  h re a s i m i l a r  s tudy  of the 

r e s o l u t i o n  o b t a i n a b l e  by LMR has pe rmi t t ed  
t h e  de t e rmina t ion  o f  a c c u r a t e  g - f a c t o r s  for 
bo th  t h e  3P a s  well as an 
improved va lue  f o r  the $P1 - j P 2  s e p a r a t i o n .  

Accura te  va lues  f o r  atomic g - f a c t o r s  have 
t r a d i t i o n a l l y  provided a c r i t i c a l  tes t  o f  
t h e  theo ry  of atomic magnetism. Recent work 
has shown f a i r l y  l a r g e  d i f f e r e n c e s  between 
t h e  t h e o r e t i c a l  and exper imenta l  v a l u e s  f o r  
t h e  g - f a c t o r s  o f  a number o f  atomic 
sys tems3,  the o r i g i n s  o f  which do not  appear  
t o  be  f i rmly  e s t a b l i s h e d .  Thus, a d d i t i o n a l  
d a t a  o f  t h i s  n a t u r e  f o r  a v a r i e t y  o f  sys tems 
would appear  va luab le .  

The d e t a i l s  o f  t h e  f a r  i n f r a r e d  LMR 
spec t romete r  have been g iven  e l s e ~ h e r e . ~  
B r i e f l y ,  i t  c o n s i s t s  o f  a f a r - i n f r a r e d  g a i n  
c e l l  pumped t r a n s v e r s e l y  by a g r a t i n g  tuned 
C 0 2  l a s e r ,  and s e p a r a t e d  from t h e  
i n t r a c a v i t y  sample r eg ion  by a polypropylene  
beam s p l i t t e r  mounted a t  Brewster ang le  t o  
t h e  FIR laser c a v i t y .  The sample r eg ion  is 
placed  between t h e  ring-shimmed Hyperco 38 
cm p o l e  caps  o f  an e lec t romagnet  producing a 
homogeneous f i e l d  r eg ion  7 .5  cm i n  d iameter .  

A s table source  o f  t h e  3P s ta te  o f  magnesium 
c o n s i s t e d  o f  a r e s i s t i v e l y  hea ted  t i t a n i u m  
oven through which a s t e a d y  flow o f  a rgon  
was maintained t o  e n t r a i n  t h e  m e t a l l i c  
vapor.  The t o t a l  p r e s s u r e  i n  these 
exper iments  was he ld  between 80 and 133 Pa 
( 1  Tor r  - 133.322 Pa) ,  and t h e  magnesium 
atoms were e x c i t e d  t o  t h e  metastable s t a t e  
b e f o r e  e n t e r i n g  t h e  laser c a v i t y  by a ho t  
ca thode  d i scha rge  ope ra t ed  a t  about  3 mA. 

S e v e r a l  nea r  co inc idences  w i t h  known FIR 
l a s i n g  l i n e s  pe rmi t t ed  two inde  endent  
o b s e r v a t i o n s  o f  bo th  t h e  3P0 - 5Pl and 3Pl - 
3P2 t r a n s i t i o n s ,  as sumnarized i n  Fig.  1 .  

me ta s t ab le  3 P s t a t e  o f  magnesium. The h igh  

and 3P2 st tes 

For t h e  f i r s t  o f  t h e s e ,  t h e  MJ-O+MJ-+ l  and 
MJ-O+MJ--1 components were tuned i n t o  
resonance  w i t h  t h e  602383.9 MHz and 598893.7 
MHz l i n e s  o f  CD2F r e s p e c t i v e l y .  The 
3P1-3P2 ( A M  - * l f  t r a n s i t t o n s  were observed 
us ing  t h e  1j08313.9 MHz l i n e  o f  C D  F2 and 
t h e  1236396.8 M H z  l i n e  of CH30H. fn t h i s  
ca se ,  the  s p e c t r a  appear  as  c l o s e l y  spaced 
( b u t  well r e s o l v e d )  t r i p l e t s  due t o  t h e  MJ 
dependence o f  t h e  q u a d r a t i c  Zeeman 
c o e f f i c i e n t s .  T h e  spectrum taken  us ing  the  
1208313.9 MHz l i n e  o f  CD2F2 is shown in  Fig. 
2. 

The d a t a  may be  f i t  u s ing  an energy l e v e l  
expres s ion  o f  t h e  form 

where uB is t h e  Bohr magn ton ,  W o ( J )  is t h e  
z e r o - f i e l d  energy o f  t h e  ?PJ s t a t e ,  gJ is 
t h e  g - f a c t o r  f o r  tha t  s t a t e ,  and C ( J , M J )  a r e  
t h e  second o r d e r  Zeeman c e f f i c i e n t s ,  which 
have been g iven  elsewhere . Since  t h e  z e r o  
f i e l d  va lue  f o r  the 3P0 - 3Pl s e p a r a t i o n  is 
very well known5, its va lue  was cons t r a ined ,  
and t h e  d a t a  were used t o  o b t a i n  g l .  g? ,  and 
v12 = W (2) -W0( l ) .  
nary va fues  a r e  g1 - 1.50117(27) .  g2 - 
1.50115(41) and lv12  - 1220575 +2.6 MHz = 
40714.00(8) cm- . I t  is seen  t h a t  t o  wi th in  
t h e  e s t ima ted  exper imenta l  u n c e r t a i n t y ,  gl - 
g2. 
ag ree  well wi th  t h  p rev ious ly  r epor t ed  
va lue  of 40714 cm-' bu t  is seen  t o  be  
s i g n i f i c a n t l y  more a c c u r a t e .  
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Fig. 1 Observed t r a n s i t i o n s  of 3 P Mg; a) 602383.9 MHz CD2F2; b) 598893.7 MHz CD2FZ; 
C )  1208313.9 M H z  CDZF2; d )  1236396.8 MHz CH30H; c u r v a t u r e  due t o  2nd o r d e r  Zeeman 
e f f e c t  has  been exaggera ted  f o r  c l a r i t y .  
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Fig .  2 The 3 P1 -+ 3P t r a n s i t i o n  of magnesium observed us ing  t h e  1208313.9 MHz l a s i n g  l i n e  of 
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